Small and medium-sized enterprises (SMEs) are very important to national economies. In Brazil, the furniture sector has many SMEs that suffer from international competition, especially from Chinese companies. To reduce this difficulty, this study provides a case study of the partial implementation of lean manufacturing (LM) in a medium-sized furniture industry with the aim of increasing productivity. As a result, the company increased its productivity by 27 per cent in the drilling sector. In addition, the case study shows how to implement LM in a medium-sized furniture industry, demonstrating the need to adapt the system to companies outside the automobile sector.
INTRODUCTION
Lean manufacturing (LM) emerged from the International Motor Vehicle Program (IMVP) research project developed by the Massachusetts Institute of Technology. At the end of the IMVP, the book The machine that changed the world [1] was published and disseminated by the term lean production [2] worldwide. LM has evolved since its inception, and is currently used in manufacturing, services, and research and development, and is being adopted by the public and private sectors [3] . Modig and Åhlström [3] identified 17 different definitions based on the concept's level of abstraction. Given this wide diversity of definitions, in this study we adopt the approaches presented by Pettersen [4] : toolbox lean, leanness, becoming lean, and lean thinking. In these four different approaches, Pettersen [4] established that LM has a philosophical (ostensive) focus by approaching a general philosophy defined only by examples and a practical (performative) focus when emphasising the execution of activities. The existence of two strands is also emphasised: operational (discrete), which is directed to the specific improvement of isolated events, characterised by toolbox lean and leanness; and strategic (continuous), which is process-oriented (improvement of production flow), characterised as becoming lean and lean thinking.
LM has also been studied in the small and medium-sized enterprise (SME) environment. Several authors have conducted research on LM in SMEs, such as critical success factors (CSFs) [5, 7, 8] ; enablers and inhibitors [6, 10] ; frameworks, road maps, and methodologies [11] [12] [13] [14] [15] [16] [17] ; and LM implementation in SMEs [9, 18, 19] .
SMEs are very important for national economies. Gonzales Hommes and Mirmulstein [20] emphasised the importance of these companies by presenting global numbers: 28.7 million formal SMEs employing approximately 325.5 million people. However, these SMEs generally have disadvantages in relation to large companies, such as difficulty in obtaining economies of scale through volume production or volume purchasing of raw materials. The fact that many SMEs do not have a vision of waste reduction is also unfavourable, as they are thus more vulnerable to economic fluctuations and financial losses, and so must prioritise investments. In this scenario, LM contributes to resolving and improving several problems faced by SMEs [5] , rationalising internal production and allowing the company to adapt to external changes and the needs of the global market [15] , as well as providing these companies a new competitive advantage [22] .
According to a report from the Brazilian Development Bank (BNDES) [23] , the furniture industry in Brazil has low competitiveness, mainly in the international market, because of a lack of productivity gains, poor innovative performance, low qualifications, and technological backwardness. These factors negatively impact the companies in this sector, especially with the increasing penetration of China into the Brazilian economy. In this scenario, some institutions linked to the furniture sector have developed LM implementation initiatives.
There is a lack of research on LM to improve productivity in the furniture sector. Few documents reporting initiatives to implement LM techniques, tools, or practices in the furniture industry in Brazil have been identified [24] [25] [26] [27] [28] [29] . This fact motivated the development of this study. This article presents a case study on LM implementation in a medium-sized enterprise in the Brazilian Southern Furniture Sector. We used a specific framework, called the lean furniture framework (LFF), to conduct the case study. The LFF was developed by the authors, from a systematic literature review and semi-structured interviews with experts, to attend to the needs of the small and medium enterprises (SMEs) of the Brazilian furniture sector. In this article we use the LFF as a way to increase productivity through implementing the LM; thus we do not detail the development of the LFF.
The remainder of the article is arranged as follows. The next section presents the research methodology and the details of the LFF. Section 3 presents the case study conducted in a mediumsized enterprise. Section 4 presents the lessons learned and implications for production. Finally, section 5 presents the conclusion.
RESEARCH METHODOLOGY
We employed a case study as the research strategy. Yin [30] describes a case study as an empirical investigation that aims to ascertain a contemporary phenomenon within its real-life context. The author also explains that a case study is a good method for answering 'how' and 'why' questions. To conduct this case study, the five stages of the research model defined by Stuart et al. [31] were used ( Figure 1 ).
Figure 1: The five-stage research process model (Adapted from Stuart et al. [31])
As shown in Figure 1 , this research presents the following characteristics:
 Stage 1 -Research question: How can a medium-sized furniture industry increase productivity by implementing LM tools and practices?  Stage 2 -Instrument development: We developed a specific framework for furniture industries (the lean furniture framework) and used it as a guideline to implement lean manufacturing and data collection. We used the steps of the LFF to report the case study (Section 3).  Stage 3 -Data collection: The data were collected by participation in meetings, through direct observation, from company and consultant reports, and through a semi-structured interview with a technical consultant who conducted the entire LM implementation process.
 Stage 4 -Data analysis: The data were triangulated for the discussion of the study.  Stage 5 -Dissemination: Disseminate the information through the publication of this article.
The next section presents the lean furniture framework used in this study.
Framework for LM implementation in furniture sector SMEs
A framework was developed by the authors to guide LM implementation in the SMEs of the furniture sector. The LFF was developed through a systematic literature review (SLR) that was conducted on LM implementation in small and medium enterprises (SMEs), with searches performed in the following databases: Scopus (Elsevier), Science Direct (Elsevier), Web of Science, Wiley Online Library, Academic Search Premier (ASP) (EBSCOhost), Emerald Insight, and SciELO. The database searches were performed on 08/18/2018, and resulted in 718 articles. After reading the titles, abstracts, introductions, and conclusions, 95 articles were selected.
From these 95 articles we identified 36 critical success factors (CSFs), 55 LM tools and practices, and 19 initiatives to implement LM in SMEs. From these 19 initiatives we selected the following frameworks as the foundation for LFF development: Belhadi, Touriki and Fezazi [13] , Dombrowski, Crespo and Zahn [15] , Hu, Mason, Williams and Found [16] , and Medbo and Carlsson [17] . Table 1 summarises the items from each framework that were used to construct the LFF. Steps necessary for implementing LM in SMEs: Basic planning (centralised), setting up (centralised), rollout (decentralised), daily operations (decentralised).
Medbo & Carlsson [17]
Methodology: 'The wave'.
Hu et al. [16] Lean staircase road map: evolutionary ladder for LM implementation.
Belhadi et al. [13] Three stages: Preparation (pre-implementation), execution (implementation), and generalisation (post-implementation).
At this point, we have the first version of the framework used to conduct semi-structured interviews with experts in the furniture industry. During the interviews, the experts emphasised that the majority of the furniture industry has no knowledge about LM. They also emphasised that the approach used by the LFF must be the initial focus of presenting LM as a toolbox for productivity improvement and waste reduction, because this approach is most promising in demonstrating the benefits of LM for SMEs. As results of the interviews, we incorporated the pilot project approach and we defined the set of activities, practices, tools, and participants at each of the LM implementation steps in line with the experts' experiences and the literature findings ( Table 2) .
The framework proposes an evolutionary ladder for LM implementation, inspired by Pettersen [4] and Hayes and Wheelwright [32] . The first stage of LM implementation is defined as operational practices (toolbox lean) in which companies consider LM only as a set of tools for reducing operational waste.
In the second stage, operational philosophy (leanness), the production system has already adopted the LM philosophy and reached the lean state. In this case, the companies implement LM in an integrated way, improving the flow of production. In the third stage, strategic practices (becoming lean), the company goes beyond operational concepts and adopts LM tools at a strategic level; specifically, there is planning based on LM principles. Here, the adoption of the lean office also begins.
In the last stage of implementation, strategic philosophy (lean thinking), LM conducts all strategic business and organisational planning following Hoshin planning. At this stage, the company reaches the Toyota Way [33] . To evolve through the framework stages, a procedural approach was elaborated ( Figure 3 and Table  2 ), divided into phases, stages, and activities. Three phases were defined: preparation, execution, and continuous improvement, which are represented in the framework as the arrows above the stages ( Figure 2 ). These phases are divided into five major steps ( Figure 3 ): (1) LM diagnostic; (2) planning the LM implementation project; (3) executing and monitoring the pilot projects; (4) LM deployment; and (5) assessment of the implementation. Then each step is divided into a set of activities, along with the suggested practices, tools, and participants ( Table 2 ). These activities were developed based on the systematic literature review and, mainly, on the opinion of the experts.
The next section presents the case study. 
CASE STUDY
This case study presents the partial implementation of LM to increase the productivity of a furniture industry, following the lean furniture framework (LFF). The company in this case study operates in the living room furniture segment, and has operated for more than 25 years in the furniture sector. The company's main focus is to serve the domestic market. Its main customers are large retailers, but the company also has a special line for furnishing interior decoration stores. The company's basic raw materials are medium density particleboard (MDP) panels, and the company's production is divided into five major departments: (1) cutting; (2) edge gluing; (3) machining; (4) painting; and (5) packaging. These departments group together a number of similar machines. Production, in most cases, follows the same flow, in terms of the sequence of departments, going through all production operations. It is important to note that this LM implementation was monitored by a technical consultant specialising in LM and the furniture industry.
The first stage is the preparation, detailed below.
Phase 1: Preparation
This phase of the framework is characterised by the preparation for LM implementation. The first step is LM diagnostic, in which the objective is to define the company's stage in the evolutionary ladder proposed by the framework (Figure 2 ). Then, with this information, the LM implementation project planning is carried out. In this step, all of the company's limitations (including time, costs, participants, and training) are considered.
Step 1: Lean manufacturing diagnostic
Initially, before applying the LM diagnostic form, the framework was presented and explained to the company representatives. Afterwards, the diagnostic form was presented to them, and a brief discussion was conducted by the consultant to identify the stage in which the company was located on the evolutionary ladder proposed by the framework. There was a consensus among all those present that the company was in the first stage: operational practices -toolbox lean. At this stage of the study, due to its strictly operational nature, the diagnostic forms for stage 1 and stage 2 were used. The diagnosis was based on the opinions of the production manager, engineering coordinator, a representative from production planning and control (PPC), and through direct observation on the factory floor. Figure 4 presents the results of the form application. In Figure 4 , the red line represents the current level of implementation of the LM practices and tools identified in the company. In the diagnostic form, level 1 means 'no tool use', while level 5 means that culture change has been achieved. As noted, the company has adopted few LM practices and tools, which confirms its classification within the first stage of LM implementation. These results were presented at the beginning of the LM implementation planning meeting, as detailed below. 
Step 2: Lean manufacturing implementation planning
After the diagnosis, the researchers, consultant, production manager, engineering coordinator, and a representative from PPC met to plan the LM implementation. This group analysed the results of the LM diagnosis and defined some goals, the main one of which was to achieve level 2 in all LM practices and tools of the stage 1 in a period of one year. During the three-month case study, the group conducted the LM implementation using the detailed activities in Table 1 , and defined the lean manufacturing implementation planning, shown in Table 3 . These activities were developed at three different times. First, there was an initial meeting in which the researchers, the consultant, the production manager, the engineering coordinator, and a representative from PPC were present. At that meeting, activities (2.1) and (2.2) were discussed and carried out. Second, the VSM of the current state was developed for the defined scope, which is part of the activity (2.7). This mapping was developed by the consultant with the participation of the production manager, engineering coordinator, and a representative from PPC. Third, a new meeting was held to carry out activities (2.4), (2.5), and (2.6) and to finalise activity (2.7). It is important to emphasise that the researchers acted as observers, limiting themselves to answering questions about the framework. Partial implementation of LM for the production line of the rack product family, considering the restrictions of three months, budget of 18,000.00 BRL, and availability of employees for four hours per week. Implementation team = production manager, sector supervisor, machine operator and assistant machine operator. Process improvement committee = production manager, engineering coordinator, and a representative from PPC.
(2.6) Value stream mapping (VSM); single minute exchange of die (SMED); and standard work.
To finalise the planning stage, it is necessary to elaborate on the VSM of the current state, to identify the opportunities for improvement, and to elaborate on the VSM of the future state. To this end, data on the company's products were collected to identify the family of products with the largest sales volume, and then to delimit the scope for the VSM. After collecting this data, a Pareto chart was created that identified the rack product family as the most relevant for the company, considering the sales volume. With this information, the VSM of the current state was elaborated using a systemic approach that prioritised the most critical item of the final product that would affect getting the product into its packaging. This is because a rack is currently produced by components in multiple batches of 80, indicative of pushed and mass production. In addition, the furniture industry is characterised by having several shared machines, which makes elaborating the VSM difficult. Based on this information, the most critical component of the rack product was determined to be the front footer component, which is grouped together with the other components in the packaging sector. The front footer also represents a large volume of production, and is used in other products. Figure 5 is the result.
Figure 5: VSM current state (Source: Researcher's own construction)
With shared resources, the takt time calculation becomes a challenge because, in traditional VSM approaches [34] , resources are dedicated; but this is not the case in the furniture industry. Therefore, to define the available time of the resources for the front footer component, we considered the volume of parts that the component represents within the plant, which is 12%. Based on this, we considered that the time available for the production of this component per day was equivalent to 12 per cent of eight hours of work -that is, 57.6 minutes. In a given shift, approximately 990 pieces are produced. Considering these values, a takt time of 3.5 seconds was calculated.
From Figure 5 , the value-adding time was observed to be 26 seconds, and the lead time was 21.48 days. Thus the company had a value-adding of 0.037 per cent for this product. To define the scope of implementation, it was also necessary to expand the VSM based on the takt time analysis, the cycle times of the operations, and the in-process inventory. When analysing the cycle time of each operation and comparing this time with the takt time ( Figure 6 ), four operations having a longer time were observed: skirting 1, drilling, cutting 2, and packaging.
Figure 6: Cycle time of operations (Source: Researcher's own construction)
The drilling operation had the longest cycle time, well above the takt time, which indicated a need for priority improvement. Next, to complement the analysis, the in-process inventory before the operations was also verified (Figure 7 ).
Figure 7: Inventory before operations (in days) (Source: Researcher's own construction)
The cutting 1 and dispatch operations were excluded to focus the analysis on the component's main value chain. The inventory prior to the packaging operation is the greatest, but this operation receives all the components of the previous operations to pack the final product; thus the large volume of parts is understandable. The drilling operation has the second-largest amount of inprocess inventory. Based on the data collected and analysed, the points for improvement were identified, and a VSM of the future state was proposed (Figure 8 ). Analysing the necessary points for improvement, the two most critical operations were drilling and cutting 2. In drilling, the following problems were identified: setup, movement, incorrect production, and checking. In cutting 2, problems were identified in the following: rework, maintenance, movement, and balancing between the stages of the production process. These problems were identified from the analysis of the VSM current state carried out by the process improvement committee. Given these problems, the focus of improvement would be the drilling operation because it had the longest cycle time and the secondlargest in-process stock of the value chain.
Considering the points highlighted above, the improvement would occur in the drilling operation setup. This machine performs at least three setups per day, each lasting about 36 minutes, which takes up a considerable amount of time from the machine. In addition, even eliminating the setup completely would not solve the problem, because the machine's operating cycle time (eight seconds) is longer than the takt time (3.5 seconds). Considering the deadline and the budget available for executing the project, the improvement was limited only to the setup of the operation. At the end, improvements were identified in order for the company to continue the implementation project.
Phase 2: Execution
In this phase, the objective is to work with smaller implementation scopes in the form of pilot projects. Doing so implies breaking down the scope defined for LM implementation into smaller scopes to reduce the complexity and obtain a faster return on the developed actions. This breakdown helps to reduce one of the demotivating factors of LM implementation: complexity and delays in obtaining results [35] . 
Step 3: Execution and follow-up of pilot projects
In this step, everyone involved in LM implementation participates in the pilot project to learn the implementation process so that they can then execute the LM deployment stage (step 4). The deployment consists of expanding the learned knowledge to other areas of the company. In this step, the following activities are performed, detailed in Table 1 Based on the scope of implementation and the VSM, the scope of the pilot project (3.1) was determined: (a) reduce the setup time of the LIDEAR F500 drilling machine to 15 minutes; (b) establish a standard for executing the setup (standardised work); and (c) move production closer to the daily production target (3,500 units/day). We selected the LIDEAR F500 because it was the oldest and most technologically outdated machine that the machining department used for drilling. The data collected on this machine were the number of pieces produced per day (Figure 9 ) and the mean setup time per day ( Figure 10) (3.2) . These measurements were made between November 22, 2016 and December 15, 2016. The process improvement committee defined the resources needed to carry out this pilot project (3.3): training, specialised consulting, camcorder, machine availability, and employees.
Figure 9: Number of pieces produced (Source: Researcher's own construction)
As shown in Figure 9 , during the 18-day follow-up the LIDEAR F500 machine achieved an average production rate of approximately 3,314 pieces per day, which was close to the daily production target of 3,500 pieces per day. Almost every day the mean setup time was greater than the goal of 15 minutes. The overall mean setup time over the 18-day follow-up period was about 25 minutes. Based on this information, a set of necessary actions for implementation (3.4) was elaborated on, and is presented in Table 4 in a schedule format. Follow-up meetings were scheduled every 15 days, and a set of actions to be implemented between the meetings was established. Based on the data collected, the current state was analysed using a spaghetti diagram to determine the movements when executing the setup (Figure 11 ). From the diagram, the operator and the assistant move 276 meters to execute the setup over about 36 minutes. The analysis of the setup was performed based on the three stages setup improvement created by Shingo [36] : (1) Separating internal and external setup; (2) Converting internal to external setup; and (3) Streamlining all aspects of the setup operation. During setup, the operator and assistant lost considerable time interpreting the drilling plan, locating the required bits, and requesting assistance from PPC. The following improvement points were developed: an activity plan for executing the setup, a visual management panel to control the setup, a standardised operating procedure, a new proposed drilling plan, an organising box to separate the drill bits, and a visual management panel for the programming of parts to be drilled.
The next step was activity (3.5), supervised implementation of improvement actions in kaizen, which took about 30 hours. The purpose of this supervision was learning, since the goal was for the implementation team members and the process improvement committee to learn the step-by-step procedure for LM implementation with the help of the consultant and the researcher. An example of this process was the elaboration of the plan of activities for the setup of the LIDEAR F500 machine. The setup filming, spaghetti diagram elaboration, and SMED tool application activities were observed by the operator and assistant, who mainly helped to define the set of activities required to perform the setup. The activities for which the operator and assistant were responsible for were separated to reduce the setup time to less than 15 minutes.
Figure 11: Spaghetti diagram (Source: Researcher's own construction)
The other improvement activities were carried out under the supervision of the consultant, who supported the members of the implementation team. Another point also emphasised and carried out by the process improvement committee was (3.6) -follow-up of activities using gemba ('go and see' approach). This approach emphasises the importance of the implemented improvement, and helps to maintain the established standard. It is advisable to perform this activity at least twice a week, carrying out a brief audit of the implemented improvements.
Meetings were held every 15 days with the members of the implementation team, the process improvement committee, the consultant, and the researcher to monitor the activities. At these meetings, which lasted about an hour, the planned and accomplished activities were compared, which involved evaluating the implementations and critically evaluating the LM implementation process. The difficulties encountered in implementing the activities were also discussed to identify the points to be improved and reinforced. In some meetings, the SMED and standard work training was reinforced. The adequacy of the approach used for the LM implementation was also discussed, which was fundamental for improving the framework. These meetings represented the development of activity (3.7), comparing what was planned with what was accomplished, and activity (3.8), critical evaluation of the implementation process.
All of these activities were carried out within the three-month deadline -the limit stipulated by the company for executing the activity. At the end, the improvements performed generated the results presented in Table 5 . Unfortunately, step 4 (lean manufacturing deployment) did not run because no time was available, due to the three-month deadline for conducting the case study. Therefore, together with the process improvement committee, the consultant and the researcher developed a set of guidelines for implementing step 4, LM deployment, suggesting the extension of the knowledge developed about the LIDEAR F500 machine to the other machines in the machining department. This activity would be the responsibility of the process improvement committee.
Phase 3: Continuous improvement
Every six months it is appropriate to make a critical assessment of the entire LM implementation project. This assessment identifies the difficulties confronted and the points to be improved, and reviews the project plan.
The objective of the evaluation stage of the implementation is to maintain the LM evolution cycle so that the company develops with each new pilot project. To achieve the second stage of the framework, for example, the company needs to fully master the VSM tool and use it to make processoriented improvements to the production flow, not just one-off improvements to single machines.
Step 5: Assessment of the implementation
At this stage, the following activities are conducted: (5.1) monitor the results at the end of project implementation (six-month cycles), and (5.2) re-evaluate the company's level of adherence to LM.
Activity (5.1) involves a critical analysis of the implementation project every six months. This activity should be performed by the process improvement committee, which also performs activity (5.2) at the same time. This activity consists of reapplying the LM diagnostic form. After carrying out these activities, it is advisable to re-evaluate the LM implementation scope (activity 2.3) based on the new diagnosis and on the critical evaluation of the implementation. Then the company resumes the LM implementation cycle, evolving in small steps towards the Toyota Way [33] .
DISCUSSION AND LESSONS LEARNED
The process improvement committee developed adequate support for the development of the pilot project, contributing process improvement ideas, following the kaizen project, encouraging the operator, assisting in the development of the activities, and conducting audits to ensure the implementation of the improvement actions. The results were achieved according to the objectives established at the beginning of the project. To be sure, this pilot project does not represent the full LM implementation, but only a small step within a long-term implementation.
Several challenges were faced during the case study. At the beginning, there was a delay in defining the process improvement committee because there was no adequate support from top management, which hampered the start of implementation. This delay negatively affected the research and, consequently, there was no time to conclude step 4. Furthermore, getting the employees involved in the activities was challenging. At first, for example, the operator and assistant showed no interest in improving the machine setup. However, after they had watched the setup shoot, they were able to visualise the improvements that could be made in the setup, and were involved in the improvement.
In summary, the main contributions of this case study to the furniture industry were:
 A new way of work was presented for facing production system difficulties using the LFF and LM tools to help the analysis and to solve problems;  There was cooperation from factory floor workers to generate solutions to the problems. This participation created greater involvement in the development of improvement activities, which was not usual for the company; 
A new routine was created to analyse production problems periodically and critically. The paradigm shift in analysing and solving problems has brought new insights to the company, such as creating templates to perform the setup on all drilling machines, standardisation of external and internal setup on all drilling machines, and replication of setup improvement in the painting sector.
The pilot project was a catalyst for further actions within the company, which subsequently developed six additional projects. The framework presented a structured method of approaching LM, which was previously unknown to the company, as well as of identifying problems, presenting solutions, and generating cost reductions.
The main lessons learned from this research can be separated into the following topics:
 Lean manufacturing implementation in SMEs: there are several examples of research on LM implementation in SMEs [13] [14] [15] [37] [38] [39] [40] [41] , but no specific research was identified for the furniture sector. Therefore, this research contributes when it presents in detail the initiative of the partial implementation of LM specifically in the furniture sector. The article also contributes by presenting empirical research that verifies the theory in collaboration with professionals [42] . Another contribution is the presentation of an adapted framework to develop research in an emerging country [43] .  Lean furniture framework: there are several frameworks for implementing LM in SMEs [5, 7, 8, 11-17, 40, 44-50] , but there is no specific framework for the furniture sector. Thus the lean furniture framework is also a contribution of this article, because the LFF is specific to SMEs in the furniture industries. In addition, the LFF is an implementation framework [51] , presenting stages of evolution and a structured set of steps and activities for the implementation of LM.
Corroborating Belhadi et al. [52] , SMEs in Brazil are also affected by the lack of understanding of the LM, and this affects implementation. This research can be used as a basis for future comparisons between SMEs in developing countries, as highlighted by Belhadi et al. [52] .
CONCLUSION AND FUTURE STUDIES
Although consolidated in many sectors, LM is still unknown to most SMEs in the Brazilian furniture sector. In recent years there have been major investments in LM dissemination to several production sectors in Brazil, and a major challenge has been establishing a structured approach for implementation. In the case of the furniture sector, there is great difficulty in accepting LM because of the production system adopted today, in which companies push production in mass quantities and have a large amount of work in process. With the support of experts, it was possible to develop a specific framework and partially to implement LM in a medium-sized furniture industry with the aim of transferring knowledge so that the company can multiply that knowledge later.
In this case study, based on the VSM, the drilling operation for the production of the front footer component of a family of rack products was the most critical, being well above the takt time projected for the component. Thus, considering the limitations established in the planning, a pilot project was carried out on the LIDEAR F500 drilling machine, which was the most technologically outdated. The responsibilities of the process improvement committee were defined as having the critical role of monitoring and strengthening the LM implementation. In addition, a routine was created to perform a structured critical analysis of the operational problems faced by the company. There was also a change in the elaboration of problem solutions by including the employees directly involved in the production activity. Finally, there was a productivity increase on the LIDEAR F500 drilling machine of 27 per cent and a reduction of movement of 33 per cent (Table 5 ). This represents a reduction in production costs, which resulted in an annual savings of approximately 15,800.00 BRL.
In summary, this article contributes to the LM literature by addressing some points highlighted by Jasti and Kodali [42, 43] . The article presents research developed in collaboration between academics and professionals in order to obtain "better results and useful research articles" [43] . It also contributes by presenting the research in an emerging country and "developing independent culture to promote lean principles across the globe" [43] . The research presents a systematic framework for furniture industries to implement LM principles across all operational and strategic activities.
The results presented in this article represent the partial application of the LM implementation framework in a medium-sized company in the furniture sector. This is the main limitation of the research: the conclusions are exclusive to this industry and to the context in which it operates. Therefore, in future research, more case studies need to be developed in furniture industries of different sizes to ascertain the applicability of the framework. Another limitation is that this case study has a purely operational focus; the strategic focus, represented by stages 3 and 4 of the LFF, is still in development. For this purpose, also in future research, it is appropriate to conduct longitudinal studies to follow the evolution of companies in LM, and thus to adapt the framework to meet all stages of evolution.
Although the LFF was created for furniture industries, the authors consider that it is possible to adapt the framework for other sectors, and also to use it as a way to compare LM implementation initiatives between emerging countries.
